Background and aims A healthy diet is the cornerstone of disease prevention, and dietary guidelines have been issued in most countries. We aimed to assess trends in compliance with dietary guidelines in the population of Geneva, Switzerland. Methods Multiple cross-sectional, population-based surveys conducted between 1993 and 2016 in the canton of Geneva, Switzerland [20,310 participants (52.3% women, mean age 51.9 ± 10.7 years)]. Trends in compliance with the Swiss dietary guidelines regarding food intake were assessed using logistic regression (a) for each guideline and (b) for at least three guidelines. Compliance before and after the first and second issuing of the guidelines was assessed. Results After multivariable adjustment, compliance with fruits increased overall [odds ratio and (95% confidence interval) for 1-year increase: 1.007 (1.003-1.012), p < 0.001], in men, participants aged over 45 and with low educational level. 
Introduction
Dietary intake is the cornerstone for prevention of noncommunicable diseases [1] and food guidelines are instruments to guiding healthy food choices by the population [2] . Many countries have issued national dietary guidelines [3] [4] [5] . Compliance with dietary recommendations is an important factor for health maintenance and disease prevention [6] , but several studies have shown that compliance with national dietary guidelines is low [7, 8] . Still, of the few studies that assessed trends in compliance with dietary guidelines [9] [10] [11] [12] , some focused on a single guideline [11] or on a specific group of the population [12] . In Switzerland, the dietary guidelines were first issued by the Swiss society of nutrition in 1998, and again in 2011 [5, 13] . Whether the publication of the guidelines led to changes in compliance has never been assessed.
In a previous study [14] , we assessed trends in compliance with Swiss guidelines regarding nutrient intake in the Geneva adult population. Still, compliance with nutrient intake is harder to convey than to food intake, and many recent studies have pointed out that the protective role of diet against noncommunicable diseases is not due to nutrients alone, but to food and dietary patterns [15] [16] [17] [18] .
Thus, we now aimed to assess the 24-year trends in compliance with the Swiss Society of Nutrition (SSN) guidelines for food intake [5] . We also assessed whether the issuing of the Swiss dietary guidelines led to significant changes in compliance. Our hypothesis was that overall compliance increased in the adult population of Geneva, but that the issuing of the guidelines had little if no effect.
Participants and methods

Participants
The "Bus Santé" study is a cross-sectional, on-going population-based study designed to collect information on chronic disease risk factors in the canton of Geneva, Switzerland. Geneva is the westernmost canton of Switzerland, surrounded on almost all sides by France [19] . The sampling methodology of the "Bus Santé" Geneva study has been reported previously [20] . Every year since 1993, a representative sample of non-institutionalized men and women aged 35-74 years is recruited. Participation rates ranged from 50 to 66% throughout the study period.
Dietary intake
Dietary intake was assessed using a validated, self-administered, semi-quantitative FFQ, which also included portion size [21, 22] . Information derived from this FFQ has contributed to several reports from large consortium such as the Global Burden of Disease [23, 24] . For each item, consumption frequencies ranging from "less than once during the last 4 weeks" to "2 or more times per day" were provided, and participants indicated the average serving size (smaller, equal or bigger) compared to a reference size.
Reported frequencies were transformed into daily consumption frequencies as follows: "never these last 4 weeks" = 0; "once/month" = 1/28; "2-3/month" = 2.5/28; "1-2/ week" = 1.5/7; "3-4 times/week" = 3.5/7; "once/day" = 1 and "2 + /day" = 2.5. The consumption frequency of one food category was obtained by summing up all individual consumption frequencies of foods related to that category. For example, daily fruit consumption was obtained by summing up the daily consumptions of fresh fruits (5 items) and fruit juices (fresh and processed without added sugar).
Participants were dichotomized according to whether they followed the dietary guidelines for fruits, vegetables, meat, fish and dairy products from the Swiss Society of Nutrition [13] . The guidelines were as follows: (a) ≥2 fruit portions per day; (b) ≥3 vegetable portions per day; (c) ≤5 meat portions per week; (d) ≥1 fish portion/week and (e) ≥3 dairy products portions/day. As the FFQ queried about fresh and fried fish, two categories were considered: one including and one excluding fried fish, as several studies have shown that fried fish or fried foods are associated with an increased risk of cardiovascular events [25, 26] , and also because fried fish represented between 34% (in 2007) and 41% (in 1993) of all fish consumed. Participants were further dichotomized if they complied with at least three guidelines or not; two categories of compliance were created, depending on the type of fish consumed (including or excluding fried fish).
Covariates
Health examinations were conducted throughout the year, from January to December, in two clinics and one mobile medical unit. Body weight and height were measured using standard procedures, and body mass index (BMI, kg/m 2 ) was calculated. Data for socio-demographic characteristics, smoking and educational history were collected using selfadministered, standardized questionnaires. Trained collaborators performed the examinations, interviewed the participants and checked the self-administered questionnaires for completion. Procedures were regularly reviewed and standardized across collaborators.
Smoking status (never smokers, ex-smokers, current smokers) was self-reported. Marital status was categorized as living alone (i.e. being single, divorced and widowed) or in couple (i.e., married or cohabiting). Nationality was defined as Swiss and non-Swiss. Due to changes in coding during the study period, educational level attained was grouped into "university" and "other".
Exclusion criteria
We applied the following exclusion criteria: (a) participants reporting less than 30 items consumed, as this was considered as a marker of either incomplete reporting or of dietary monotony; (b) age <35 or ≥75 years; and (c) missing data for any covariate (age, BMI, education, marital status, smoking habits or nationality).
Ethics statement
The "Bus Santé" Geneva study was approved by the University of Geneva ethics committee and all study participants provided informed written consent to participate in the study. The study has been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Statistical analysis
Statistical analysis was performed using Stata software version 15.1 (Stata Corp, College Station, TX, USA). Descriptive results were expressed as number of participants (percentage) for categorical variables or as mean ± standard deviation (SD) for continuous variables. Bivariate analysis was performed using chi-square test for categorical variables and analysis of variance for continuous variables. Yearly trends were assessed using unadjusted and multivariable-adjusted logistic regression using compliance to each guideline (dichotomous, yes/no) as dependent variable and year, gender [except when stratifying on gender]; age group [except when stratifying on age group]; education [except when stratifying on education]; body mass index (normal, overweight, obese); marital status (living in couple, living alone); nationality (Swiss, nonSwiss) and smoking status (current, former, never) as independent variables. Results were expressed as multivariable-adjusted odds ratios (OR) and [95% confidence interval (CI)] for a one-year increment. In both unadjusted and adjusted analyses, survey year was used as a continuous variable. Differences in trends between age groups were assessed by including an interaction term (i.e., age groups × year) in the multivariable models.
Generational analysis was conducted using [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] and [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] and further on, were considered. Differences in age groups regarding trends were assessed by including an interaction term (i.e. age groups × year) in the multivariable models.
The impact of the guidelines on compliance was assessed by comparing compliance levels in the 5-year period before and after the issuing of the guidelines. Firstly, we compared period 1993-1997 with period 1998-2002, and period 2006-2010 with period 2011-2015. Secondly, a pooled analysis grouping the two 5-year periods before and the two 5-year period after the issuing of the guidelines was performed.
Statistical significance was considered for a two-tailed test with p < 0.05.
Results
Characteristics of participants
Of the initial 22,730 participants, 2,420 (10.6%) were excluded. The reasons for exclusion are indicated in Supplemental Figure 1 and the comparison between included and excluded participants is provided in Supplemental  Table S1 . Excluded participants were younger (secondary to the age exclusion criteria), more frequently women, less frequently current smokers, had a slightly lower BMI, lived more frequently alone and were more frequently non-Swiss than included ones.
The characteristics of the participants according to survey year are summarized in Table 1 and in Supplemental  Table S2 . Between 1993 and 2016, mean age and BMI of participants increased; the frequency of current smokers and participants with an educational level below university decreased, and the frequency of participants who were overweight or obese, non-Swiss or lived in couple increased.
Trends in compliance with dietary guidelines
The trends in compliance with at least three dietary guidelines overall and stratified by gender and age group is summarized in Table 2 (including fried fish) and Table 3 (excluding fried fish). The overall results are presented in Supplemental Table S3 (including fried fish) and Supplemental Table S4 (excluding fried fish). In non-adjusted analysis, compliance (including fried fish) increased in women and decreased in participants with educational level below university; after multivariate adjustment, compliance increased in the [55-64] age group and decreased in [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] and [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] age groups (Table 2 and Supplemental  Table S3 ). When fried fish was excluded, compliance increased in the whole sample and in men, the [55-64] age group and in participants with educational level below university; after multivariate adjustment, compliance increased only in the [55-64] age group (Table 3 and  Supplemental Table S4 ).
Trends regarding individual guidelines are indicated in Supplemental Table S5 (for fruits), Supplemental Table S6 (for vegetables), Supplemental Table S7 (for meat), Supplemental Table S8 (for fish, including fried fish), Supplemental Table S9 (for fish, excluding fried fish) and Supplemental Table S10 (for dairy products) ( Table 4 ). For compliance with fruits, after multivariate adjustment, an improvement was found in the whole sample, in men, in participants aged over 45 and with educational level below university; the increase in men was significantly different from women (p for interaction: 0.003), while no difference was found between educational levels (p for interaction: 0.298) (Supplemental Table S5 ). For compliance with vegetables, improvements were found in the whole sample, for both genders, in the [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] and [55-64] age groups and in participants with educational level below university; the increase in participants with educational level below university was significantly different from participants with a university degree (p for interaction: 0.024) (Supplemental Table S6 ). For compliance with meat, improvements were found in women and in participants with a university degree (Supplemental Table S7 ). For compliance with fish (including fried fish), a decrease was found in the whole sample, in the [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] age group and in participants with university degree (Supplemental Table S8 ); when fried fish Table S9 ). Finally, compliance with dairy products decreased in the whole sample and in almost all groups studied, except for the [65-74] age group (Supplemental Table S10 ).
Generational trends in compliance with dietary guidelines
The results for the generational trends in compliance with dietary guidelines are indicated in Table 4 and in Supplemental Table S11 . After multivariable adjustment, compliance with at least three guidelines (with or without fried fish) improved in both groups; compliance with fruits, vegetables, meat and fish (excluding fried) improved, while no changes were found regarding compliance with fish (including fried) and dairy products (Table 4 and Supplemental Table S11 ).
Impact of the issuing of the guidelines on compliance
The results for the impact of the issuing of the Swiss dietary guidelines in 1998 and 2011 on compliance with at least three dietary guidelines are indicated in Table 5 . Overall, no significant changes were found regarding compliance before and after the issuing of the guidelines for both periods concerned, and similar findings were obtained when the analysis was split by gender, age group or educational level. Similar findings were obtained for the individual guidelines or when pooling the periods before and after each issuing of the guidelines (1998 and 2011; Supplemental Tables S12 to S19).
Discussion
This study aimed to assess the changes in compliance with the SSN guidelines over the last 24 years in a Swiss adult population. The results indicate that compliance with at least three guidelines was rather low and remained so over the 24-year study period. Conversely, an increase in compliance was found for generations aged [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] and [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] in 1993.
Trends in compliance with dietary guidelines
Compliance with the SSN guidelines was low and remained so during the 24-year study period: the percentage of subjects complying with at least 3 guidelines was 26.2% in 1993 and 24.9% in 2016. Those findings agree with a prospective study conducted in the neighbour city of Lausanne, where only 25.2% of the population complied with at least three guidelines [27] . There are few studies worldwide assessing trends in global compliance with dietary guidelines. A likely explanation for the low improvement in global compliance is that the increase in compliance with some guidelines (i.e., fruits and vegetables) was compensated by the decrease in compliance with other guidelines (i.e., dairy) [27] .
Compliance with fruits and vegetables guidelines increased in all studied groups, a finding also found in France [28] and in the United States [11] , but not in New Zealand [10] . The increase in compliance with the vegetable guideline is likely due to the increased availability of vegetables in Switzerland between 1961 and 2007 [29] . Conversely, the increase in compliance with the fruits guideline could not be explained by increased availability, as it actually decreased during the same period [29] , from 138 in 1961 to 79 kg/capita/year in 2007 [30] . Indeed, Switzerland produces less than 50% of all foodstuffs of plant origin consumed [31] , and the price of fruits has increased almost 70% between 1982 and 2017 [31] . An alternative explanation would be that Geneva inhabitants increased buying fruits and other foods from food retails in neighboring France, as food prices are considerably lower in France than in Switzerland [32] .
Compliance with the dairy products guideline decreased in almost all studied groups, a finding also reported in France [28] . Conversely, dairy consumption remained stable in New Zealand [10] and Germany [9] , and increased in the United States [11] . This decrease in compliance with dairy product guideline explains the decrease in calcium intake reported in a previous study conducted in the same population [14] . Dairy products are a good source of high quality proteins, vitamins and minerals [33] , have been Table 4 Twenty-three year generational trends Twenty-three-year generational trends (1993-2016) in compliance with dietary guidelines for the participants of the Bus-Santé study, Geneva, Switzerland
Results are expressed as number of participants and (percentage) and as odds ratio (OR) and 95% confidence interval (CI). Percentages are computed based on the number of participants for each generational cohort within each year. Statistical analysis by logistic regression within each stratum. For complete data, please consult Supplemental Table S11 . a p value for trend, unadjusted b p value for trend, adjusting for gender; education; body mass index (normal, overweight, obese); marital status (living in couple, living alone); nationality (Swiss, non-Swiss) and smoking status (current, former, never).
associated with better nutrient and improved bone health status [34] and might protect against metabolic syndrome [15] , cardiovascular disease and type 2 diabetes [34] . Overall, our results indicate that dairy product intake is being neglected by the Geneva population, with possible health consequences on the long term.
Compliance with the meat guideline improved in women and in participants with a university degree. A decrease in meat consumption had also been reported for women in New Zealand [10] . This finding indicates that the more healthy-conscious groups tend to better adhere with dietary guidelines. Indeed, in previous study conducted in Switzerland, persons adhering to the Swiss food pyramid consumed meat significantly less often than persons not adhering to it [35] . Overall, our results indicate that compliance with the meat guideline improved only slightly over the 24-year study period.
Compliance with the fish guideline decreased. The prevalence of compliance decreased even further (from 73.3 to 40.2% in 1993) when fried fish was excluded; this is likely due to the large proportion of fried fish consumed (between 34 and 41% of all fish). Still, when fried fish was excluded, no change regarding trends in compliance was found, except for an increase in age group [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] . Our results are consistent with previous longitudinal studies conducted in New Zealand [10] , Germany [9] and France [28] , where no changes in reported fish consumption were found. Fish consumption is associated with a lower risk of heart failure [36] and all-cause mortality [37] , while fried fish does not protect against heart failure [38] and is associated with an increased risk cardiovascular disease [25, 39] . This deleterious association might be related to the type of frying oil used, as a Spanish study found no association between foods fried in olive or sunflower oil and coronary heart disease [40] . Hence, it would be important that fish consumption be improved in the Geneva population, and that cooking methods other than frying be used.
Generational trends in compliance with dietary guidelines
Compliance with most guidelines improved with time, the sole exceptions being compliance with fish (including fried) and dairy products. Several factors might explain this improvement. First, income tends to increase with age, allowing subjects to buy healthier (and usually more expensive) foods; indeed, a previous study has shown that price was one of the main barriers for healthy eating, and that its prevalence decreased with age [41, 42] . Second, because of the high cost of food in Switzerland, people living in Geneva are increasingly buying their foods in nearby France, which might also increase the accessibility to healthier foods [32] . Finally, elderly subjects present more frequently with chronic, non-communicable diseases, the management of which includes dietary therapy; for instance, we have previously shown that subjects with dyslipidemia tend to consume a healthier diet than the general population [43] , although no such improvement was found among subjects with type 2 diabetes [44] or hypertension [45] . Overall, our results suggest that compliance with dietary guidelines tends to improve with aging. Still, as our results were based on multiple cross-sectional surveys, it would be of interest to replicate these findings in a prospective study.
Impact of the issuing of the guidelines on compliance
No significant effect of the issuing of the guidelines by the Swiss society of nutrition in 1998 and 2011 was found. A possible explanation is that simple educational measures have little impact on food purchases compared to other measures such as changes in food prices [46, 47] . Indeed, a previous study identified cost as one of the major barriers towards healthy eating [41, 42] . Overall, our results suggest that the issuing of the Swiss dietary guidelines had little if no impact at all regarding healthy eating.
Importance for public health nutrition
Compliance with food-based dietary recommendations positively impacts population health status [48] . Our results suggest that compliance with dietary guidelines has not improved in a large sample of adults representative of the Geneva population. It would be important to promote healthy eating either by publicizing the guidelines in the lay media or by intervening on food prices, as this approach has been shown to be more efficient than nutritional education [46, 47] .
Strengths and limitations
This study has several strengths: data were collected using a validated FFQ and the same standardized methodology was used throughout a 24-year period. This study also has several limitations. Firstly, the FFQ was not updated and could not take into account possible changes in food availability that occurred during the study period [29] . Still, it would have been complicated to change the FFQ during the study period and to harmonize the findings. Secondly, the guidelines were first issued in 1998, so it is possible that the trends might have been biased by a period (1993) (1994) (1995) (1996) (1997) where no guidelines existed. Still, restricting the analysis to the period 1998-2016 led to similar findings (Supplemental Tables S20 to S28), suggesting that the issuing of the guidelines had little if no effect on compliance. Thirdly, this study only assessed the population of the Geneva canton; as dietary intake differs between linguistic regions in Switzerland [49] , the generalizability of the findings might be suboptimal. Still, in the absence of similar studies conducted in other cantons, it is currently unknown if trends differ. Finally, food-based dietary guidelines differ slightly between countries (Supplemental Table S29 ) [50] , so our results might not be generalizable to other countries. Nevertheless, this study can be considered as a reference for long-term trends in compliance with healthy diet guidelines.
Conclusion
In the Geneva population, compliance with the Swiss dietary guidelines regarding food intake was rather low and remained so over a 24-year period. Generational trends improved. The issuing of guidelines by the Swiss society of nutrition had no effect on trends.
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